To estimate the burden of prematurity, determine gestational age (GA)-specific neonatal mortality rates and provide recommendations for country programs. STUDY DESIGN: Prospective data on pregnancy, childbirth, GA and newborn mortality collected by trained community health workers from 10 585 mother-newborn pairs in a community-based study. RESULT: A total of 19.4% of newborn infants were preterm; 13.5% were late preterm (born between 34 and 36 weeks of gestation), 3.3% were moderate preterm (born at 32 to 33 weeks) and 2.6% were extremely preterm (born at 28 to 31 weeks of gestation). Preterm babies experienced 46% of all neonatal deaths; 40% of preterm deaths were in late preterm, 20% in moderate preterm and 40% in very preterm infants. The population attributable fraction of neonatal mortality in premature babies was 0.16 for very preterm, 0.07 for moderately preterm and 0.10 for late preterm. CONCLUSION: In settings where the majority of births and newborn deaths occur at home and successful referral is a challenge, moderate and late preterm babies may be an important target group for home-based or first-level facility-based management.
INTRODUCTION
Gestational age (GA) is a key determinant of newborn survival. Babies born prematurely are at a higher risk of dying in the neonatal period than those born at term, especially in developing countries where about half of all mothers give birth at home without a skilled birth attendant. 1, 2 Complications of prematurity are now the second leading cause of under-five child deaths (14%); and the leading cause of neonatal deaths (35%). 3 Prematurity is also a risk factor for other causes of death, especially infections, in the neonatal and post-neonatal periods and for longterm neurodevelopmental sequelae. 2, 4 It has been estimated that about 15 million preterm babies are born each year worldwide; the majority of them (60%) are born in south Asia and sub-Saharan Africa. 5, 6 The mechanisms of preterm labor are not fully understood, although there is a strong link with infection or inflammation. 7, 8 Prevention of preterm labor and delivery has proved to be difficult.
Historically, decreases in preterm neonatal mortality in highand middle-income countries are primarily due to better management and increased survival of preterm babies rather than changes in the percentage of preterm births or GA distribution of births. [9] [10] [11] Postnatal care for preterm babies in high-income settings traditionally means specialized equipment and highly skilled doctors; however, low cost and effective interventions appropriate to home births in low resource settings are sparse. 12, 13 Observational data from a field-trial of home-based neonatal care in Gadchiroli, India, estimated the population attributable risk (PAR) of death in a rural cohort of neonates at 0.74 for preterm birth when associated with other comorbidities. 14 However, when preterm birth occurred in the absence of other comorbidities, it only contributed to about 10% of the total neonatal deaths. 14 Given these results coupled with the lack of evidence-based interventions to prevent preterm birth, Bang et al. proposed a home-based program to manage and prevent comorbidities and subsequently improve neonatal survival. 14, 15 Findings indicated no difference in the incidence of preterm births between intervention (2000 to 2003) and pre-intervention (1995 to 1996) data, but home-based neonatal care was associated with a 69.5% reduction in the case fatality rate among preterm neonates. 15 These findings suggest that home-based management of preterm comorbidities (for example, sepsis, birth asphyxia) is a feasible and effective strategy for improving newborn survival. 15 Understanding the pattern of neonatal mortality by GA in premature newborns could assist in devising community-and first-level facility-based interventions to better manage the care of newborns, including determining that preterm newborns (that is, very preterm, moderate preterm, late preterm) can be safely cared for in the home or community. This study describes GA-specific neonatal mortality in a cohort from rural Bangladesh and considers how this knowledge may be used to inform community-based strategies for preterm newborn care.
METHODS

Study design and setting
Projahnmo-1 was a cluster-randomized controlled trial of a package of maternal and neonatal health interventions provided through two service delivery strategies: home-based counseling and care by trained community health workers (CHWs, one per 4000 population; 'home care') and counseling of male and female community groups ('community care'). The study was implemented in three rural sub-districts of Sylhet district in a population of about 500 000 people between 2002 and 2006. This rural population was chosen because it had about 15 000 live births per year and poor access to health care. Mothers in the study had an average of 3 years of education and 3.7 children. The trial area had a neonatal mortality rate (NMR) of 48 per 1000 live births at baseline in 2002; just over 50% of women had no antenatal visit with a trained provider, and 91% gave birth at home. 16 The designs of the intervention and delivery strategies have been reported elsewhere. 16 Briefly, in the home care arm, CHWs conducted two-monthly pregnancy surveillance visits to identify pregnant women and made two prenatal home visits to promote birth and newborn care preparedness. CHWs also made three postnatal home visits on days 1, 3 and 7 of birth to promote essential newborn care and to assess the newborn for signs of illness. Not all of the 10 585 live births received the intervention, but all were assessed between days 28 and 35 to ascertain and record their survival status. CHWs referred ill newborns for free care at government sub-district hospitals, an average distance of 8.5 km. Subdistrict hospitals (one for an estimated 200 000 population) provide both out-patient and inpatient care, including delivery care, treatment of newborn illnesses and infections. Families of severely ill newborns who did not comply with referral but consented to home treatment were offered antibiotic injection treatment in the home at no cost. 17 
Data and statistical analysis
The analysis presented here is based on CHWs' visit records for 10 585 live births and 333 neonatal deaths prospectively collected in the home care arm of the study between 2004 and 2005. GA was calculated in completed weeks based on mother's recall of last menstrual period (LMP) during the two-monthly pregnancy surveillance home visits. CHWs used historical event dates to improve recall. Preterm birth was defined as a live birth at X28 weeks and o37 weeks GA; deliveries at o28 weeks GA were considered miscarriages and not included in the analysis. Births at X37 weeks were classified as term. Premature births were further categorized as very preterm (28 to 31 weeks), moderate preterm (32 to 33 weeks) and late preterm (34 to 36 weeks). We calculated the distribution of births by GA and NMRs for each week of gestation and for GA categories. For estimated NMRs, we calculated the poisson exact 95% confidence intervals (CIs). 18 We then calculated relative risk (RR) of neonatal death and 95% CI by gestational week using 40 weeks as the reference category and for categories of GA with term births (37 to 42 weeks) as reference. We calculated the population attributable fraction (PAF) of neonatal mortality and the asymptotic approximation of 95% CI by categories of preterm birth. PAF estimates the proportion of deaths that could be prevented if the complications of prematurity were completely eliminated. 19 We did not include newborn comorbidities in the analysis, thus PAF estimates are for preterm birth and related complications alone. Finally, we calculated the daily risk of death during the neonatal period as the number of deaths on a given day per 1000 newborns surviving to that day. All analyses were conducted using Stata version 10.0 (StataCorp, College Station, TX, USA).
This study received ethical approval from the Johns Hopkins Bloomberg School of Public Health Institutional Review Board and the Ethical Review Committee of the International Centre for Diarrhoeal Disease Research, Bangladesh. Informed consent was obtained from all individual study participants.
RESULTS
The distribution of the 10 585 live births by week of gestation was negatively skewed, with a long leftward tail and apex at 39 to 40 weeks. The range of GAs in the cohort was 28 to 42 weeks with a mean of 38 weeks. Fewer than 100 newborns were born at each week of gestation from 28 to 31 weeks forming the small end of the left tail (Table 1) . Starting with 32 weeks, the number of births increased by about 100 with each additional week up to 35 weeks and thereafter the number at each GA increased sharply to the median gestation at 39 weeks (2025 births, 19% of all births). The highest number of neonatal deaths by week of gestation occurred at 39 weeks as well. Mortality rate approximately doubled per 2-week decrement in GA from 36 to 30 weeks. Between 37 and 42 weeks, NMR changed very little, remaining within a range of 17 to 27 per 1000 live births. The dip in NMR at 29 weeks is likely due to small sample (45 births), which is reflected in the large CI. This inverse relationship is also illustrated by the gestation-specific RR of neonatal death, which approximately doubled every 2 weeks starting at 36 weeks peaking at RR ¼ 14.8 (95% CI: 9.8 to 22.4) at 28 weeks.
Looking at the same data collapsed into GA categories highlights the important contribution of premature newborns to the overall burden of mortality in the cohort (Table 2) . Overall, 19.4% of newborns were born prematurely and of those 2060 babies, 69.6% (13.5% of all births), were born between 34 and 36 weeks of gestation, 17.4% (3.3% of all births) were born at 32 to 33 weeks and 13.3% (2.6% of all births) were born at 28and 31 weeks. Babies born preterm experienced 46% of all neonatal deaths, with the distribution split approximately 40% in the late preterm group, 20% in moderately preterm and 40% in very preterm. Preterm babies died on average at a rate of 74 per 1000 live births, significantly higher than the NMR of babies born at term (21 per 1000). The mortality risk of premature births was 3.5 times higher than that of births at term (RR ¼ 3.5, 95% CI ¼ 2.9 to 4.3). Verbal autopsies were performed with the mothers of neonates that died. The leading causes of death were preterm complications, infection and birth asphyxia (unpublished data).
The PAF of neonatal mortality in premature babies was 0.16 for very preterm babies, 0.07 for moderately preterm and 0.10 for late preterm. Although very preterm infants were associated with substantially higher risk of neonatal death, the PAF for very preterm babies was comparable to that of the moderately and late preterm combined (0.17 vs 0.16) because many more babies were born at 32 to 36 weeks.
The time of greatest risk for all babies was the first day of life (Figure 1 ). The risk of death in very preterm newborns (28 to 31 weeks) on the day of birth was 88 per 1000 live births as opposed to term babies whose risk on that day was 5 per 1000. Risk for very preterm newborns remained elevated until the fifth day when it fell close to that of term babies. Moderately preterm and late preterm babies were most vulnerable for the first 3 days. Term newborns were at low daily risk throughout the first 28 days. Very preterm and moderately preterm babies continued to have peaks of higher risk after the first week of life, whereas risk remained low for both late preterm and term babies.
DISCUSSION
We have presented the GA distribution of a cohort of newborns and their mortality risk during the neonatal period using We estimated a 19.4% prevalence of preterm birth within this rural population. Given that most births in low-and middle-income countries occur in the home, population-based estimates for preterm birth prevalence are scarce, especially for rural populations. 2 Globally, it is estimated that about 10% of all births are preterm. For the least developed areas, this estimate increases to about 12.5%. 2, 21 Within Bangladesh, previous studies have estimated the preterm prevalence at 22% (ref. 22 ) and 16% (ref. 23) in the mid-1990s and early 2000s, respectively. Our study is an important contribution to the existing literature because it provides a population-based estimate of preterm prevalence from a large rural population where about 90% of births occur within the home.
The gestation-specific measures reported here provide insight into which babies are most vulnerable, the timing of greatest risk within the neonatal period and which deaths are most important to overall mortality reduction. The majority of preterm babies were late preterm and most deaths in this age group were likely due to the same causes as for term babies (infection, asphyxia) rather than those specific to preterm infants, such as intraventricular hemorrhage, infant respiratory distress syndrome (IRDS) and necrotizing enterocolitis. Because of their high incidence, deaths in late preterm infants were a significant contributor to high mortality burden among preterm babies and even small reductions in neonatal mortality in this group would mean sizable decreases in the number of overall preterm deaths. Moderately preterm newborns represented a small number of births and deaths. Their RR of death was 4 times that of term babies and 2 times those of late preterm infants, but much less than very preterm newborns who had 10 times the risk.
From a planning perspective, as previous studies have shown, both late and moderate preterm newborns could be successfully managed at home or a first-level facility with special care measures supported by CHW home visits. 15, 24, 25 The four main needs of preterm newborns are nutritional support, management of respiratory conditions, thermal control, and prevention, identification and treatment of infection. [25] [26] [27] [28] Recent trials of community-based newborn care have demonstrated the safety and efficacy of interventions to address these four elements, including: (1) education and support for immediate and exclusive breastfeeding to ensure adequate nutrition; (2) bag and mask resuscitation to manage asphyxia; (3) immediate drying, wrapping and skin-to-skin contact to provide warmth, and (4) hygiene (for example, handwashing), and assessment of clinical signs to diagnose newborns with suspected 'sepsis' and referral or treatment. 17, [29] [30] [31] [32] [33] [34] [35] The needs of very preterm newborns are different than those of moderate or late preterm babies. IRDS due to immature lung development and surfactant deficiency affects 31 to 59% of newborns at 28 to 31 weeks GA. 36, 37 Treatments include surfactant and mechanical ventilation. In a community setting, very little can be done for babies with IRDS. Moderate and late preterm babies have more developed lungs and are less often affected by respiratory distress (2 to 18%), which is why home treatment is a viable strategy if facility care is not feasible. Very preterm infants also have an immature skin barrier and are at increased risk of sepsis via cutaneous portals of entry. Topical emollient therapy is a promising measure for prevention of sepsis in hospitalized very preterm infants, but has not been tested for efficacy in community settings. Other complications specific to very preterm newborns also require hospitalization. Babies born at home at o32 weeks GA need immediate referral for hospital care and cannot be safely managed by the family or CHWs in the community. Successful referral is a challenge in many health programs; in our population only 34% of the babies referred for suspected sepsis were taken by the family to a health facility. 16 Community-based strategies for managing newborn complications including very preterm babies should focus on strengthening referral systems and reducing barriers to care seeking so that these vulnerable babies can quickly reach facilities with the resources needed for their treatment. The main strengths of this study are the large sample (over 10 000 births) and prospectively collected data with no missing values for newborn survival status at 28 days of age. With a smaller sample, we likely would not have had enough births at the lowest GAs to calculate measures like RR with certainty. In addition, as the data were collected in the home, the common concerns about selection bias in hospital-based studies from developing countries are avoided. There are few similar reports of communitybased gestation-specific neonatal mortality from low-income countries. 38, 39 Our analysis demonstrates that preterm birth is a major contributing factor to neonatal deaths, which supports findings from the home-based neonatal care field trials in rural Gadchiroli, India. 15 Bang et al. estimated a PAR of 0.74 for preterm birth paired with other comorbidities (for example, infection, low birth weight, and so on) before the start of their intervention in Gadchiroli. Our estimate of 0.33 is considerably lower. The difference in PAR is likely due to our prospective data being collected after the initiation of the intervention, a considerably larger sample size and because we did not include comorbidities in the analysis. Given that our study data were collected in the 'home care' intervention area where a large proportion of the women received antenatal and postnatal MNH interventions, which reduced neonatal mortality by 34%, 16 our PAR may be an underestimate. A limitation of the study is our reliance on LMP to determine GA. Some of the common criticisms of this method are possible inaccurate recall of LMP, including heaping on certain dates, and reliance of the calculations on a 'normal' menstrual cycle of 28 days with ovulation on day 14. [40] [41] [42] Compared with ultrasound, LMP-based GAs may over or underestimate preterm delivery depending on characteristics of the sample, timing of ultrasound and length of LMP recall period. 40, [43] [44] [45] Unfortunately, we did not have ultrasound-based estimation in our sample. A study in Pakistan compared the accuracy of estimation of GA based on the reported date of the LMP and symphysis-fundal height, using an ultrasound scan as reference. 46 Overall, both tested methods (LMP and symphysis-fundal height) under-predicted term deliveries and over-predicted post-term/post-date deliveries. The percentages of preterm deliveries were similar by all three methods. Despite this finding of similar preterm birth rates at the population level, we acknowledge that LMP-based estimates may be prone to misclassification of GA, which will distort the association with mortality. As we conducted two-monthly home visits and collected LMP data prospectively, we believe that the recall error of LMP and thereby estimation of GA in our study was minimal. Given the clinical skills needed for determining GA by Dubowitz or Ballard methods and technical skills and costs of using ultrasound, LMP remains the most feasible option in many rural, low resource settings such as ours.
In our study, CHWs were provided a tool to calculate expected date of delivery based on reported LMP to plan appropriate follow-up visits. Unfortunately, CHWs were also instructed by field managers to calculate LMP by subtracting 40 weeks from the date of delivery when LMP was not known. This is a potential limitation in the data because rates of preterm birth may be underestimated. Discussion with field staff and a retrospective review of the CHW data indicate that about 5% of pregnancies could have occurred during lactation amenorrhea. This figure is supported by a recent effectiveness trial of the Lactation Amenorrhea Method, which estimates that about 5% of the subjects in the control group became pregnant while practicing Lactation Amenorrhea Method. 47 Given that our rates of preterm birth and PAF are supported by other global and regional estimates, 2,3 we do not think that this limitation had a significant influence on our analysis. Nevertheless, the collection method has since been corrected at the field level and should be considered as a potential limitation when interpreting these findings.
Our analysis of the burden of prematurity by GA suggests that late-to-moderate preterm babies may an important target group for CHW management of preterm births in settings where home delivery rate is high and access to hospital care is difficult. Differentiating care by GA would allow CHWs to concentrate their efforts where they are most likely to be effective and will have a larger impact. CHWs could focus more of their attention on special care measures for late and moderate preterm babies who are most likely to be managed successfully at home or a first-level facility, including assessing signs of newborn illness and providing education and support for thermal care and breastfeeding. 15, 17 Given the large percentage of preterm births at 32 to 36 weeks, even small reductions in neonatal mortality in this group would mean sizable decreases in the number of overall preterm deaths. Recognizing that the majority of babies born at o32 weeks are unlikely to survive without hospital care adds urgency to CHW referrals and the need to facilitate transportation, provision of appropriate care and whatever can be done when referral fails. In addition, research on community-and first-level facilitybased management of conditions prevalent in very preterm newborns, such as IRDS, feeding problems and emollient therapy to prevent sepsis, is needed to provide an alternative or complement referral care.
